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Apolipoprotein (a) concentrations and
susceptibility to coronary artery disease in
patients with peripheral vascular disease
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Abstract
Objective-To investigate the relation

between apolipoprotein(a) concentra-
tions and angiographically defined coron-
ary artery disease in patients with ath-
eromatous peripheral vascular disease.
Design-40 consecutive patients were

recruited at the time of admission for
peripheral vascular surgery. All under-
went clinical assessment and coronary
arteriography. Apolipoprotein(a) con-
centrations were measured by an
immunoradiometric assay.
Setting-Tertiary referral centre.
Subjects-Patients requiring surgical

intervention for large vessel peripheral
vascular disease.
Main outcome measures-Presence or

absence and severity and distribution of
angiographically defined coronary artery
disease. Measurement of circulating con-
trations of apolipoprotein(a) and other
lipid indices.
Results-Coronary artery disease was

absent in 11 patients (group 1), mild to
moderate in 12 (group 2), and severe in 17
(group 3). The distribution of peripheral
vascular disease and of standard lipid
indices was similar in these three groups
of patients. There was a significant
difference in apolipoprotein(a) concen-
trations between the three groups, with
concentrations progressively increasing
with the severity of coronary artery dis-
ease (mean (95% confidence interval):
group 1, 112 U/I (52 to 242); group 2,
214 U/I (129 to 355); group 3, 537 U/I (271 to
1064) (analysis ofvariance p < 0 005). The
prevalence ofcoronary artery disease was
increased 7A4 fold in patients with
apolipoprotein(a) concentrations that
were greater than the cohort median (206
U/1) (p < 0 01).
Conclusions-The results show an

association between apolipoprotein(a)
concentrations and angiographically
defined coronary artery disease in
patients with large vessel peripheral
vascular disease. The findings imply
differences in the pathogenesis of coron-
ary and peripheral atheroma and suggest
that the measurement of apolipo-
protein(a) may prove a useful additional
tool in the risk factor assessment of
patients undergoing peripheral vascular
surgery.

(Br Heart J 1993;69:26-30)

There is a high prevalence of coronary artery
disease among patients with peripheral vas-
cular disease, which reflects the diffuse nature
of atheroma.' Patients with intermittent
claudication are up to four times more likely
than controls to have coronary artery disease23
and approximately half the deaths that com-
plicate peripheral vascular surgery are due to
acute myocardial infarction.4 While the wide-
spread nature of atheroma implied a common
pathogenesis throughout the circulation, the
absence of angiographically significant coron-
ary artery disease in more than 30% of patients
with advanced peripheral vascular disease56
suggested that this may not be the case. Indeed,
differences have emerged from epidemiological
studies regarding the relative risk factors that
are important in the development of coronary
and peripheral artery disease,7 and the factors
that determine the distribution of atheroma
throughout the circulation remain poorly
understood.

Apolipoprotein(a) (apo (a)) is a modified
glycoprotein that is bound by disulphide bonds
to low density lipoprotein to form the
lipoprotein(a) (Lp(a)) complex.8 Circulating
concentrations of apo(a), and therefore Lp(a),
are largely genetically determined9 and though
the function of this lipoprotein remains poorly
understood considerable interest has centred
around the likelihood that concentrations of
Lp(a) may explain a substantial part of the
association between genetic predisposition and
coronary risk.'0 Prospective analysis has iden-
tified high concentrations of Lp(a) as an
independent risk factor for subsequent
myocardial infarction or death from coronary
heart disease." Several case-control and
angiographic studies have also shown an
association between increased concentrations
of Lp(a) and the presence of coronary artery
disease'2-4 and cerebrovascular disease. 1%17
Such an association, however, has not been
sought in the presence of advanced atheroma
elsewhere and in this study we investigated the
relation between apo(a) concentrations and
angiographically defined coronary artery dis-
ease in patients with advanced peripheral vas-
cular disease.

Patients and methods
We studied 40 consecutive patients admitted
for peripheral vascular surgery. Informed con-
sent was obtained from each patient and the
study was approved by the hospital ethics
committee. All patients underwent clinical
assessment with particular attention paid to the
presence or absence of clinical features
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indicative of underlying coronary artery dis-
ease. Current medication was reviewed and the
presence of risk factors for coronary and peri-
pheral vascular disease was documented. Ven-
ous blood was sampled for liver function tests
in view of the recognised influence that hepatic
disease may exert on circulating concentrations
of apo(a)."8 All patients had the following
investigations.

CORONARY AND PERIPHERAL ARTERIOGRAPHY
Coronary arteriography was performed via the
right brachial or femoral approach. The
angiograms were reported by an experienced
cardiac radiologist (MR) who was unaware of
the results of the other investigations. A Brandt
scoring system"9 was used which was-modified
to include an assessment of the coronary cir-
culation supplying both right and left ventri-
cles. This scoring system gives an index of the
severity and distribution of coronary artery
disease by providing a total myocardial score
that depends on the number, degree, and site of
coronary stenoses. With this method a min-
imum score of zero denotes the absence of
angiographically demonstrable coronary dis-
ease. On the basis of the total myocardial score,
patients were divided into three groups: those
with absent (0), mild to moderate (0-9), or
severe ( > 9) coronary artery disease.
The distribution of peripheral vascular dis-

ease was assessed by arterial or venous cath-
eterisation with conventional or digital sub-
traction angiography. The pattern of disease
was defined anatomically according to the
presence or absence of aneurysmal dilatation of
the descending aorta or significant (>50%)
narrowing within the iliac, femoral, or popliteal
vessels, or both.

LIPID, LIPOPROTEIN, AND APOLIPOPROTEIN
ANALYSIS
Venous blood was taken after a 12 hour over-
night fast. The sample was allowed to coagulate
and the serum was separated within six hours
and divided into smaller volumes for future
lipid and lipoprotein analysis. These samples
were stored at - 20'C except for those that
were later assayed for HDL cholesterol, which
were stored at - 70°C. Total cholesterol and
triglyceride were measured by standard
enzymatic procedures.20 2' HDL cholesterol
was measured after phosphotungstate/mag-
nesium precipitation22 and LDL cholesterol
was calculated by the Friedewald formula.23
Apolipoprotein Al and apolipoprotein B were

Table 1 Clinical characteristics of the three groups ofpatients

Group I Group 2 Group 3
(n= 11) (n= 12) (n= 17) p

Age (yr) (mean (SEM)) 581 (3 8) 65 0 (2 5) 64.9 (1-7) NS
Sex (M:F) 8:3 9:3 14:3 NS
Angina (n(%)) 0 (0) 4 (25) 5 (29) NS
Hypertensive (n(%)) 1 (9) 6 (50) 8 (47) NS
Smoker (n(%)) 9 (82) 10 (83) 16 (94) NS
Family history of CAD (n(%)) 3 (27) 1 (8) 1 (6) NS
Previous MI (n (%)) 0 (0) 5 (42) 4 (23) NS
Alcohol intake (n (%)) 18 (4) 22 (10) 22 (10) NS

(units/week) (mean (SEM))

Group 1, no coronary artery disease (CAD); group 2, mild to moderate CAD; group 3, severe CAD.
MI, myocardial infarction.

measured by a Beckman Immunochemistry
analyser. After reduction and hydrolysis of the
apo(a) peptide from the Lp(a) particle, apo(a)
concentrations were measured by an immuno-
radiometric assay with monoclonal antibodies
to two different epitopes of apo(a) (Pharmacia
Diagnostics AB). 1 U/I of apo(a) is equivalent
to 01 mg/dl of Lp(a). A standard curve was
constructed for each assay and all samples were
measured in duplicate. The within assay
coefficient of variation was 3 8% and the min-
imum detection limit was 8 U/1.

STATISTICAL ANALYSIS
The results of biochemical and lipid analysis
are expressed as mean (SEM) for the three
groups of patients. Mean apo(a) and
triglyceride concentrations were logarith-
mically transformed for the purposes of statis-
tical analysis because these data are known to
be positively skewed within the population.
The geometric mean with confidence intervals
was calculated for the apo(a) concentrations in
each of the three groups. Data for the three
groups were compared by an analysis of
variance and the significance of differences
between groups was determined by Scheffes
test. Categorical variables were compared by Z2
test. The association between apo(a) and
coronary artery disease was measured by cal-
culating the sample odds ratio24 for apo(a)
concentrations above and below the cohort
median (206 U/1). A p value <0 05 was regar-
ded as statistically significant.

Results
There was no angiographically demonstrable
coronary artery disease in 1 1 (group 1) of the 40
patients, mild to moderate disease in 12 (group
2), and severe disease in 17 (group 3). Table 1
shows the clinical details of these three groups
of patients. They were of similar age and sex
distribution and the prevalence of risk factors
for coronary artery disease was comparable in
the three groups. Alcohol intake was similar in
the three groups and none of the patients was
receiving either nicotinic acid derivatives or
hormone replacement therapy, both of which
may influence circulating concentrations of
blood Lp(a).2927 Three patients in group 2, four
patients in group 3, but none of the patients in
group 1 were receiving # blockers. Nine
patients complained of angina and nine had
previous documentation of myocardial infarc-
tion. All these patients had angiographic
evidence of coronary artery disease. Fasting
blood glucose was similar in the three groups
(table 2) and none of the patients was diabetic.
Table 2 summarises the results of liver function
tests and shows that there were no significant
differences between the groups with regard to
these variables.

PERIPHERAL VASCULAR DISEASE
Table 3 summarises the pattern of peripheral
vascular disease in the three groups of patients.
The prevalence of aneurysmal dilatation of the
descending aorta and of significant ath-
eromatous narrowing of the iliac, femoral, and
popliteal vessels was similar, leading us to
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Table 2 Fasting blood glucose and liver function tests for the three groups of patients
(mean (SEM))

Group I Group 2 Group 3
Variable (n = 11) (n = 12) (n = 17) p

Blood glucose (mmol/l) 4 6 (0-1) 5-3 (0 2) 5-6 (0 7) NS
Aspartate transaminase (IU/I) 18 (2) 15 (1) 19 (2) NS
Alkaline phosphatase (IU/l) 93 (11) 119 (15) 130 (15) NS

conclude that the distribution of peripheral
vascular disease was comparable in the three
groups of patients studied.

APO(a) CONCENTRATIONS
Circulating concentrations of apo(a) were
above the lower detection limit of the assay in
all subjects and therefore were quantifiable in
all cases. The figure and table 4 show the
distribution of apo(a) in the three groups of
patients.

Analysis of variance showed a significant
difference in the concentrations of apo(a) bet-
ween the groups (p < 0 005) with the apo(a)
concentrations progressively increasing with
the severity of coronary artery disease. Apo(a)
concentrations were significantly greater in
group 3 than in group 1 (p < 0 05). The
association between high apo(a) concentrations
and coronary artery disease was reflected in a
calculated sample odds ratio of 7-4 (p < 0 01)
when the median apo(a) of the whole cohort
(206 U/1) was used as a cut off point.

LIPID ANALYSIS
There was no significant difference between
the groups in terms of the concentrations of the
standard lipid variables, total cholesterol and
triglyceride (table 5). While concentrations of
HDL cholesterol and its main protein con-
stituent, apolipoprotein Al, tended to decrease
as the severity of coronary artery disease
increased, the differences between the groups
did not reach statistical significance. The con-
centrations of LDL cholesterol and its main
protein constituent apolipoprotein B were
comparable in the three groups of patients.

Discussion
The results of this study show an association
between apo(a) concentrations and angiogra-
phically defined coronary artery disease in a
group of otherwise unselected patients under-
going peripheral vascular surgery. Circulating
concentrations of apo(a) are largely genetically
determined but may be influenced by hepatic
disease,'8 hormone replacement therapy,27 and
by treatment with nicotinic acid derivatives25 or
neomycin.26 or both. None of these confound-
ing factors was present among the patients in
this study, implying that the concentrations of

Table 3 Distribution (n(%)) of peripheral vascular disease in the three groups of
patients

Group I Group 2 Group 3
Disease (n = 11) (n = 12) (n = 17) p

Aortic aneurysm 5 (45) 6 (50) 7 (41) NS
Iliac 4 (36) 6 (50) 7 (41) NS
Femoral 3 (27) 6 (50) 11 (65) NS
Popliteal 3 (27) 0 (0) 5 (29) NS
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Figure Individual apo (a) concentrations in the three
groups ofpatients.

apo(a) that were observed were predominantly
a reflection of genetic predisposition. A strong
association between high apo(a) concentrations
and coronary artery disease was seen in studies
of the general population, 12-14 suggesting a
contributory role of apo(a) in the pathogenesis
of coronary atheroma. Such an association,
however, has not previously been reported in
patients with advanced atherosclerosis else-
where. The present results do not rule out
other risk factors in the pathogenesis of coron-
ary artery disease in patients with peripheral
vascular disease but they do imply that varia-
tions in the concentration of apo(a) between
individuals may partly explain why only a
proportion develop important coronary artery
disease. Of perhaps equal interest in this study
was the finding of low apo(a) in the group of
patients without angiographically demonstra-
ble coronary atheroma but with advanced peri-
pheral vascular disease. These findings suggest
that the relation between high apo (a) concen-
trations and the development of advanced
atheroma may vary throughout the circulation
and may be less important in peripheral vessels
than in coronary vessels. Epidemiological
studies have identified smoking28 and hyper-
tension29 as risk factors that may exert a greater
influence on the development of peripheral
than coronary artery disease, and the results of
this study corroborate the likelihood of
differences in the pathogenesis of coronary and
peripheral atheroma.
The current findings may also have potential

clinical implications for the management of
patients with large vessel peripheral vascular
disease. The presence or absence of coincident
coronary artery disease is a crucial factor in
determining both the long-term prognosis30
and the risk of surgical intervention in such
patients.3' In those with severe and symp-
tomatic peripheral vascular disease the 10 year
risk of death due to coronary heart disease or
cardiovascular disease is increased 10 to 15
fold30 and the risk of vascular surgery four-
fold.3' Because coronary artery disease may
often be clinically silent6 it has been suggested
that all patients with documented large vessel
peripheral arterial disease should receive
careful cardiovascular evaluation,30 especially
before vascular surgery is undertaken.32 Simple
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Table 4 Distribution of apo (a) concentrations (U/l) in the three groups ofpatients

Group I Group 2 Group 3
(n= 11) (n= 12) (n= 17)

Geometric mean 112 214 537
95% CI (52-242) (129-355) (271-1064)
Median 152 160 1302
Range (19-819) (82-777) (33-1638)

and cost-effective screening methods are
therefore required to identify those at greatest
risk in whom modification of risk factors,
intensive monitoring, or appropriate coronary
intervention or both may improve prognosis.
In patients undergoing vascular surgery non-
invasive cardiac investigations including
dipyridamole thallium scintigraphy3233 and
ambulatory electrocardiographic monitor-
ing"3' have been helpful, especially when
interpreted in combination with clinical risk
factors.36 In the present study patients with
circulating concentrations of apo(a) that were
greater than the cohort median had an
estimated 7 4 fold increase in the likelihood of
underlying coronary artery disease. These
results suggest that the measurement of apo(a)
may prove a useful additional screening tool in
the assessment of patients with large vessel
peripheral vascular disease and may help to
identify those in whom further coronary inves-
tigation and appropriate intervention may be
warranted.
The precise mechanism by which Lp(a) (and

therefore apo(a)) promotes atherogenesis
remains obscure, though the different anatomy
and haemodynamic profile of the peripheral
and coronary circulations may explain the
variable effects of circulating Lp(a) concentra-
tions at these sites. The close structural
homology between apo(a) and plasminogen3783
has suggested a link between lipoprotein
metabolism and the clotting/fibrinolytic
systems. Lp(a) competes in vitro with
plasminogen for binding to fibrin,'940 fibrin-
ogen,4' and cell membrane binding sites4' 42 and
may therefore interfere with plasminogen
activation thereby promoting local thrombosis
at the sites of pre-existing atheroma. Haemo-
static factors43 and fibrin44 have been demon-
strated within atheroma and the increase in
fibrin content of growing atheromatous
lesions45 suggests that its rate of accumulation
may influence the rate of plaque growth. When
circulating concentrations of Lp(a) are high a
reduction in endogenous fibrinolysis could
enhance the deposition and incorporation of
fibrin at sites of atheroma and thereby result in

Table 5 Lipid profile of the three groups ofpatients (mean (SEM))

Group I Group 2 Group 3
Variable (n= 11) (n = 12) (n = 17) p

Total cholesterol 6-3 (0-6) 5 5 (0-4) 6-2 (0 4) NS
(mmol/l)

HDL cholesterol 1 19 (0 16) 1 03 (0 06) 0 93 (0-06) NS
(mmol/l)

LDL cholesterol 4 0 (0-5) 3-6 (0 4) 4 2 (0 3) NS
(mmol/l)

Log TG (mmol/l) 0 22 (0 09) 0 25 (0 06) 0 26 (0-04) NS
ApoAl (mg/dl) 114 (10) 113(6) 102 (10) NS
Apo B (mg/dl) 110 (14) 110 (9) 122 (8) NS

HDL, high density lipoprotein; LDL, low density lipoprotein; TG, triglyceride.

accelerated growth of atheromatous lesions.
Alternatively, the importance of Lp(a) may
relate specifically to atherogenesis rather than
to thrombosis. Lp(a) competes with plasmin-
ogen for binding to receptors on the surface of
human monocyte-like cells.' Since lipid-laden
macrophages are the predominant cellular
component of arterial fatty streaks47 enhanced
macrophage uptake of Lp(a) may lead to its
incorporation at an early stage into ath-
eromatous lesions where it is known to be
preferentially retained bound to fibrin.45

In summary, the results of this study showed
an association between apo(a) concentrations
and the presence of angiographically defined
coronary artery disease in patients with advan-
ced atheromatous peripheral vascular disease.
The findings corroborate the link between high
apo(a) concentrations and the development of
coronary artery disease but also imply differen-
ces in the pathogenesis of coronary and peri-
pheral atheroma. Patients with both coronary
and peripheral vascular disease have an
increased risk associated with peripheral vas-
cular surgery and also have a poor long-term
prognosis. The findings in this study of an
increased prevalence of underlying coronary
artery disease in patients with high concentra-
tions of apo(a) also imply that the measurement
of apo(a) may prove to be a useful additional
tool in the risk factor assessment of patients
with large vessel peripheral vascular disease.
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